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Triazole derivatives and use of triazole derivatives in organic light-emitting diodes 
(OLEDs) 

5 

Description 

The present invention relates to the use of triazole derivatives selected from the group 
consisting of triazolopyrimidine derivatives and triazolouracil derivatives in organic 
10 light-emitting diodes (OLEDs), an OLED comprising at least one of the organic triazole 
derivatives mentioned, a light-emitting layer comprising at least one of the triazole 
derivatives mentioned, an OLED comprising the light-emitting layer of the invention, a 
device comprising an OLED according to the invention and also specific novel triazole 
derivatives. 

15 

Organic light-emitting diodes (OLEDs) exploit the ability of particular materials to emit 
light when they are excited by means of an electric current. OLEDs are of particular 
interest as alternatives to cathode ray tubes and liquid crystal displays for producing flat 
VDUs. Owing to their very compact construction and their intrinsically low power 
20 consumption, devices comprising OLEDs are particularly useful for mobile 
applications, for example for applications in mobile telephones, laptops, etc. 

Numerous materials have been proposed for use in OLEDs. The use of specific triazole 
derivatives in OLEDs has likewise been mentioned in the past. 

25 

EP-A 0 710 655 relates to green-emitting benzotriazole-metal complexes for use in 
light-emitting elements. The benzotriazole-metal complexes used have the following 
formula: 
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EP-A 0 875 947 relates to blue-emitting organic LEDs having oxadiazole, thiadiazole or 
triazole derivatives in the electroluminescent layer. These derivatives have the 
following formula: 




EP-A 0 704 436 relates to triazole derivatives and organic electroluminescent elements 
produced therefrom. The triazole derivatives have the following formula: 
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The triazole derivatives are preferably used in the electron transport layer. However, 
variation of the radicals can make the triazole derivatives also suitable in principle for 
light-emitting materials. 



The abovementioned triazole derivatives are specific compounds, and the use of 
triazolopyrimidine derivatives and triaizolouracil derivatives in OLEDs is not 
mentioned. 

10 Triazolopyrimidine derivatives and triazolouracil derivatives are already known in the 
prior art. 

Thus, DE-A 30 01 424 relates to v-triazolyl[4,5-d]pyrimidines of the general formula 



DE-A 27 49 902 likewise relates to v-triazolyl[4,5-d]pyrimidines. These compounds 
have the general formula 
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OR 




15 
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20 




DE-A 25 54 027 relates to triazolyl compounds of the general formula 



B03/0730PC 



PF 0000055464/Ka 



4 

O 




where A is a substituted phenyl radical. 

5 In the dissolved or finely divided state, the compounds disclosed in DE-A 30 01 424, 
DE-A 27 49 902 and DE-A 25 54 027 display a more or less pronounced fluorescence 
and can be used for the optical brightening of organic materials. 

None of the three abovementioned documents relates to electroluminescence of the 
10 triazole derivatives disclosed or their use in OLEDs. 

WO 03/105538 relates to 2H-benzotriazoles and their use in organic light-emitting 
diodes. The benzotriazoles have at least one 2H-benzotriazole unit of the following 
formula: 

15 




where Ar can be an aryl or heteroaryl radical. Although the basic structure of 
triazolopyrimidine derivatives is mentioned, inter alia, in WO 03/105538, there is no 
20 indication of specific substituents. 

Although compounds which display electroluminescence in the blue, red and green 
regions of the electromagnetic spectrum are already known, the provision of further 
compounds is desirable. For the purposes of the present invention, the term electro- 
25 luminescence encompasses both electrofluorescence and electrophosphorescence. 

It is therefore an object of the present patent application to provide compounds which 
are suitable for producing electroluminescence in the visible region of the electro- 
magnetic spectrum, in particular in the blue to blue-green region. 

30 
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This object is achieved by the use of triazole derivatives selected from the group 
consisting of triazolopyrimidine derivatives containing at least one substituent selected 
from the group consisting of OH, O-alkyl, O-aryl, halogen and amino and triazolouracil 
derivatives in organic light-emitting diodes (OLEDs). 

It has been found that the triazolopyrimidine derivatives having at least one substituent 
selected from the group consisting of OH, O-aryl, halogen and amino and triazolouracil 
derivatives display electroluminescence in the visible region of the electromagnetic 
spectrum and can thus be used as emitter molecules in OLEDs. 

The present invention therefore further provides for the use of the triazolopyrimidine 
derivatives and triazolouracil derivatives according to the present patent application as 
emitter molecules in OLEDs. 

It is likewise possible to use the triazolopyrimidine derivatives and triazolouracil 
derivatives according to the present patent application as host molecules (matrix) in the 
emitter layer. 

The present invention therefore further provides for the use of the triazolopyrimidine 
derivatives and triazolouracil derivatives according to the present patent application as 
host molecules (matrix) in the emitter layer. 

Furthermore it is conceivable to use the specified triazole derivatives in other layers of 
an OLEDs, for example in the electron transport layer. 

The triazole derivatives used according to the invention are preferably selected from the 
group consisting of triazolopyrimidine derivatives and triazolouracil derivatives selected 
from among compounds of the structural formulae I, n, HI and IV: 




/ N— (Het)Ar 



(I) 
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N— (Het)Ar (II) 



R 5 



N— (Het)Ar (III) 



R 6 



J N— (Het)Ar (IV) 



R 8 



where the symbols have the following meanings: 

R 1 , R 2 are each, independently of one another, H, alkyl, aryl, heteroaryl, 

10 OH, O-alkyl, O-aryl, halogen or amino, with at least one of the 

substituents R 1 or R 2 being OH, O-alkyl, O-aryl, halogen or amino, 
preferably amino; 

R 3 , R 5 are each, independently of one another, H, alkyl, aryl, heteroaryl, 

OH, O-alkyl, O-aryl, halogen or amino; 
1 5 R 4 , R 6 , R 7 , R 8 are each, independently of one another, H, alkyl, aryl or heteroaryl; 

or 

R 3 and R 4 together with the atoms to which they are bound form a 4- to 8- 

membered ring which may contain further heteroatoms and is 
saturated or unsaturated and unsubstituted or substituted; 
20 (Het)Ar is aryl or heteroaryl. 

For the purposes of the present patent application, the terms used below have the 
following meanings: 
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The term "aryl" refers to a radical having a basic skeleton of from 6 to 30 carbon atoms, 
preferably from 6 to 18 carbon atoms, and is made up of an aromatic ring or a plurality 
of fused aromatic rings. Suitable basic skeletons are, for example, phenyl, naphthyl, 
5 anthracenyl or phenanthrenyl. This basic skeleton can be unsubstituted (i.e. all carbon 
atoms which are substitutable bear hydrogen atoms) or can be substituted on one, more 
than one or all substitutable positions of the basic skeleton. Suitable substituents are, for 
example, alkyl radicals, preferably alkyl radicals having from 1 to 8 carbon atoms, 
particularly preferably methyl, ethyl, i-propyl or t-butyl, aryl radicals, preferably Q-aryl 

10 radicals which may in turn by substituted or unsubstituted, styryl radicals, heteroaryl 
radicals, preferably heteroaryl radicals which contain at least one nitrogen atom, 
particularly preferably pyridyl radicals, alkenyl radicals, preferably alkenyl radicals 
containing one double bond, particularly preferably alkenyl radicals containing one 
double bond and from 1 to 8 carbon atoms, or groups having a donor or acceptor action. 

15 For the purposes of the present invention, groups having a donor action are groups 
having a +1 and/or +M effect, and groups having an acceptor action are groups having a 
-I and/or -M effect. Suitable groups having a donor or acceptor action are halogen 
radicals, preferably F, CI, Br, particularly preferably F, alkoxy radicals, carbonyl 
radicals, ester radicals, amine radicals, amide radicals, CH2F groups, CHF2 groups, CF3 

20 groups, CN groups, thio groups or SCN groups. The aryl radicals very particularly 
preferably bear substituents selected from the group consisting of methyl, F, CI and 
alkoxy, or the aryl radicals are unsubstituted. The aryl radical is preferably a C 6 -aryl 
radical or a naphthyl radical which may optionally be substituted by at least one of the 
abovementioned substituents. The Ca-aryl radical particularly preferably bears none, 

25 one or two of the abovementioned substituents, with a single substituent preferably 
being located in the para position relative to the further point of linkage of the aryl 
radical and, in the case of two substituents, these are each located in the ortho position 
relative to the further point of linkage of the aryl radical. The C 6 -aryl radical is very 
particularly preferably an unsubstituted phenyl radical. The naphthyl radical is 

30 preferably 1 -naphthyl or 2-naphthyl. 

The term "heteroaryl" refers to heteroaryl radicals which differ from the 
abovementioned aryl radicals in that at least one carbon atom in the basic skeleton of 
the aryl radicals is replaced by a heteroatom. Preferred heteroatoms are N, O and S. 
35 Very particular preference is given to one or two carbon atoms of the basic skeleton of 
the aryl radicals being replaced by heteroatoms. The basic skeleton is particularly 
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preferably selected from among systems such as pyridyl, imidazolyl, cyclic esters, 
cyclic amides and five-membered heteroaromatics such as thienyl, pyrrolyl and furyl. 
The basic skeleton can be substituted on one, more than one or all substitutable 
positions of the basic skeleton. Suitable substituents are the same ones which have been 
5 mentioned above for aryl. Particular preference is given to thienyl. 

The term "alkyl" refers to an alkyl radical having from 1 to 20 carbon atoms, preferably 
from 1 to 10 carbon atoms, particularly preferably from 1 to 8 carbon atoms, very 
particularly preferably from 1 to 4 carbon atoms. This alkyl radical can be branched or 

10 unbranched and may be interrupted by one or more heteroatoms, preferably N, O or S. 
Furthermore, the alkyl radical or alkyl group can be a C 3 -C 8 -cycloalkyl radical, 
preferably a C 5 - or C 6 -cycloalkyl radical, which may be interrupted by one or more 
heteroatoms, preferably N, O or S, for example cyclopentyl and cyclohexyl. 
Furthermore, this alkyl radical can be substituted by one or more of the substituents 

15 mentioned for the aryl groups, in particular halogen radicals, preferably F, CI, Br, 
particularly preferably F. It is likewise possible for the alkyl radical to bear one or more 
aryl groups. In this case, all of the abovementioned aryl groups are suitable. The alkyl 
radicals are particularly preferably selected from the group consisting of methyl, ethyl, 
i-propyl, n-propyl, i-butyl, n-butyl, t-butyl, sec-butyl, i-pentyl, n-pentyl, sec-pentyl, neo- 

20 pentyl, n-hexyl, i-hexyl, sec-hexyl, cyclopentyl and cyclohexyl. Very particular 
preference is given to methyl, ethyl, i-propyl, t-butyl and n-Hexyl, in particular methyl. 

The term "O-alkyl" refers to an alkoxy radical which has the general formula -OR 9 . R 9 
is an alkyl radical as has been defined above. O-alkyl is thus particularly preferably 
25 O-methyl, O-ethyl, 0- ! propyl, O-'butyl and 0- n hexyl. Very particular preference is 
given to O-methyl. 

The term "O-aryl" refers to an aryloxy radical which has the general formula -OR 10 . R 10 
is an aryl radical as defined above. Very particular preference is given to O-aryl, 
30 O-phenyl, with the phenyl radical being unsubstituted. 

The term "halogen" preferably refers to a substituent selected from the group consisting 
of F, CI and Br. Halogen is particularly preferably CI or Br, very particularly preferably 
CI. 

35 
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The term "amino" refers to an amino group of the formula NR R . R and R are 
each, independently of one another, H, alkyl, aryl or heteroaryl. Preferred alkyl, aryl and 
heteroaryl groups have been mentioned above. Very particular preference is given to 
dimethylamino. Furthermore, R 11 and R 12 together with the N atom of the amino group 
5 can form a cyclic radical. This is preferably a five- or six-membered cyclic radical. In 
addition to the nitrogen atom, it can contain one or more further heteroatoms selected 
from among N, O and S. Very particularly preferred cyclic amino radicals are 
morpholino, pyrrolidino and piperidino. Very particularly preferred amino groups are 
dimethylamino, morpholino, pyrrolidino and piperidino. 

10 

The term "(Het)Ar" refers to an aryl radical or a heteroaryl radical. Suitable aryl 
radicals and heteroaryl radicals have been mentioned above. (Het)Ar is preferably a 
radical of the formula 




15 

where R 13 is H, alkyl, O-alkyl, S-alkyl, aryl, O-aryl, S-aryl or alkenylaryl. Here, the 
terms alkyl, O-alkyl, aryl and O-aryl are as defined above. The radical R 13 is preferably 
H, OCH 3 , phenyl, which may be substituted or unsubstituted, particularly preferably 
unsubstituted phenyl, or styryl, which is unsubstituted. 

20 

The term "S-alkyl" refers to a radical of the general formula S-R 14 . R 14 is an alkyl 
radical as has been defined above. S-Alkyl is thus preferably S-methyl, S-ethyl, S- 
'propyl, S- l butyl and S- n hexyl, particularly preferably S-methyl. 

25 The term "S-aryl" refers to a radical of the general formula S-R 15 . R 15 is an aryl radical 
as has been defined above. S-Aryl is thus preferably S-phenyl, with the phenyl radical 
being unsubstituted. 

In a preferred embodiment, the present invention relates to triazole derivatives of the 
30 formula I in which 

R 1 ' is CI, OH, OCH3, OPh or morpholino, preferably OH or OCH 3 , CI 

or morpholino, particularly preferably CI or morpholino; 

and/or 
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R 2 is OH, OCH 3 , OPh, piperidino, pyrrolidino, morpholino or 

N(CH 3 ) 2 , preferably OH, N(CH 3 ) 2 , piperidino, pyrrolidino or 
morpholino, particularly preferably N(CH 3 ) 2 . 

5 

In a further preferred embodiment, the present invention relates to triazole derivatives of 
the formula II or m in which 

R 3 , R 5 are each, independently of one another, OH, OCH 3 , OPh, 

piperidino, pyrrolidino, morpholino or N(CH 3 ) 2 , preferably OH, 
1 0 N(CH 3 ) 2 , piperidino, pyrrolidino or morpholino; 

and/or 

R 4 , R 6 are each, independently of one another, H, CH 3 or phenyl, 

1 5 preferably H. 

In a further preferred embodiment, the present invention relates to triazole derivatives of 
the formula IV in which 

R 7 and R 8 are each, independently of one another, H, CH 3 or phenyl, 

20 preferably CH 3 . 

In a further preferred embodiment, the present invention relates to triazole derivatives of 
the formula II in which 

R 3 and R 4 together with the atoms to which they are bound form a 5- to 7- 

25 membered ring which may contain further heteroatoms, preferably 

selected from among S, N and O, particularly preferably a further 
N atom, and is saturated or unsaturated, preferably saturated, and is 
unsubstituted or substituted. The ring particularly preferably has a 
substituent selected from among alkyl and aryl on the further N 
30 atom while the remaining atoms of the ring are unsubstituted (i.e. 

bear hydrogen atoms). 

The compounds of the formula II in which R 3 and R 4 together with the atoms to which 
they are bound form a 5- to 7-membered ring particularly preferably have the following 
35 structural formulae: 
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where R 9 is alkyl or aryl and (Het)Ar is as defined above. (Het)Ar is preferably 




The abovementioned triazole derivatives are very suitable for use in organic light- 
emitting diodes (OLEDs). The present invention therefore further provides organic 

10 light-emitting diodes comprising at least one triazole derivative as defined in the present 
patent application. The triazole derivatives according to the present patent application 
are preferably used in the electron-conducting layer or the light-emitting layer as emitter 
molecules in OLEDs. Particular preference is given to using the triazole derivatives 
according to the present patent application as emitter molecules in the light-emitting 

15 layer of OLEDs. 

The abovementioned triazole derivatives used according to the invention can be 
prepared by methods known to those skilled in the art. 

20 Customary methods are, for example, coupling of suitable amines with suitable 
diazonium salts and subsequent oxidative ring closure. 

Triazole derivatives of the formula I can thus be prepared by the following process: 
25 a) coupling of an amine of the formula V 
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R 1 



N 




(V) 



R 2 " ^N' ~NH 2 



where R 1 and R 2 are as defined above, with a diazonium salt of the formula VI 



+ 

N=N Y" (VI) 
N (Het)Ar 



where (Het)Ar is as defined above and Y" is an anion, to form an azo compound of 
the formula VII 



10 



R 1 



N ^yN=N- 

R 2 ^N^NH 2 



(Het)Ar 



(VII) 



where R l , R 2 and (Het)Ar are as defined above; 

15 b) oxidative ring closure of the azo compound of the formula VII to give the desired 
triazole derivatives of the formula I. 

The compounds of the formula II can be obtained by the following process: 

20 a) coupling of an amine of the formula VIE 




(VIII) 



B03/0730PC 



PF 0000055464/Ka 



13 



where R 3 and R 4 are as defined above, with a diazonium salt of the formula VI 



+ 



N=N 



Y 

(Het)Ar 



(VI) 



\ 



where (Het)Ar is as defined above and Y* is an anion, to give an azo compound of 
the formula DC 



where R 3 , R 4 and (Het)Ax are as defined above; 

b) oxidative ring closure of the azo compound of the formula EX to give a triazole 
derivative of the formula n. 

The compounds of the formula HI can be obtained by the following process: 

a) coupling of an amine of the formula X 



O 




(IX) 




(X) 



»6 



where R 5 and R 6 are as defined above, with a diazonium salt of the formula VI 
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14 

+ 

N=N Y* (VI) 
N (Het)Ar 



where (Het)Ar is as defined above and Y" is an anion, to give an azo compound of 
the formula XI 



(Het)Ar 

X (X,) 

O N NH„ 
R 6 



where R 5 and R 6 and (Het)Ar are as defined above. 

b) oxidative ring closure of the azu compound of the formula XI to give a triazole 
1 0 derivative of the formula in 

The compounds of the formula IV can be obtained by the following process: 

a) coupling of an amine of the formula XII 




where R and R are as defined above, with a diazonium salt of the formula VI 



N=N Y (VI) 
V (Het)Ar 



where (Het)Ar is as defined above and Y~ is an anion, to form an azo compound of 
the formula Xffl 
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(XIII) 



where R 7 , R 8 and (Het)Ar are as defined above; 

5 b) oxidative ring closure of the azo compound of the formula XIII to give a triazole 
derivative of the formula IV. 

Step a) 

The amines of the formulae V, VIII, X and XII used as coupling components are known 
1 0 from the literature or can be prepared by methods analogous to those known from the 
literature, cf. J. Am. Chem. Soc. 73 (1951), 2864, J. Chem. Soc. 1962, 3172, Chem. 
Pharm. Bull. Japan 13 (1965), 557. 

The diazonium salts of the formula VI can be obtained in a customary way by 
diazotization of the corresponding anilines. These anilines are known or can be prepared 
1 5 by methods analogous to those known to persons skilled in the art, for example from 
chloronitrobenzenes by reaction with a suitable alcohol and subsequent reduction of the 
nitro group to an amino group. The anion in the diazonium salts of the formula VI is 
preferably a halide anion, for example chloride or bromide, a sulfate ion or a 
tetrafluoroborate ion. 

20 

The coupling of an amine of the formula V, VIE, X or XII with a diazonium salt of the 
formula VI is carried out by methods known to those skilled in the art. The coupling is 
preferably carried out at a temperature of from -10 to +20°C, particularly preferably 
from 0 to 10°C. 

25 

Step b) 

The oxidative ring closure is generally carried out by methods known to those skilled in 
the art, for example by a method as described in US 2,543,333. The oxidative ring 
30 closure can be effected by means of various oxidizing agents. Suitable oxidizing agents 
are known to those skilled in the art. Examples of suitable oxidizing agents are chromic 
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acid, alkali metal bichromates, hydrogen peroxide, lead tetraacetate, potassium 
ferricyanide, ferric chloride and copper(H) sulfate. 

The oxidative ring closure can be carried out in acidic or basic solvents. In acidic 
5 solvents, for example aqueous acetic acid, preference is given to using alkali metal 
bichromates, hydrogen peroxide or lead tetraacetate as oxidizing agents. In basic 
solvents, for example pyridine/water mixtures, preference is given to using potassium 
ferricyanide or copper(II) sulfate. The oxidative ring closure is particularly preferably 
effected by means of copper(II) sulfate in a pyridine/water mixture. The oxidation using 
1 0 copper(H) salts such as copper(II) sulfate or copper(II) chloride can also be carried out 
in methanol or methanol/water mixtures in the presence of ammonium or amine salts, 
e.g. monoalkanolamines or dialkanolamines. 

The oxidative ring closure is preferably carried out at a temperature of from 70 to 
1 5 100°C, particularly preferably from 90 to 100°C. 

The triazole derivatives used according to the invention are suitable for use in OLEDs. 
They are preferably used in the electron transport layer or in the light-emitting layer of 
an OLED. The triazole derivatives used according to the invention are particularly 

20 preferably employed as emitter substances in OLEDs, since they display luminescence 
(electroluminescence) in the visible region of the electromagnetic spectrum. The 
triazole derivatives used according to the invention make it possible to provide 
compounds which display electroluminescence in the red, green and blue regions of the 
electromagnetic spectrum, depending on their substitution pattern. In particular, it is 

25 possible to provide compounds which display electroluminescence both in the blue 
region and in the blue-green region of the electromagnetic spectrum. 

The present invention therefore also provides an organic light-emitting diode (OLED) 
comprising at least one triazole derivative selected from the group consisting of 
30 triazolopyrimidine derivatives and triazolouracil derivatives according to the present 
patent application. Preferred triazole derivatives selected from the group consisting of 
triazolopyrimidine derivatives and triazolouracil derivatives have been mentioned 
above. 

35 Organic light-emitting diodes (OLEDs) are basically made up of a plurality of layers: 
1. anode 
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2. hole transport layer 

3. light-emitting layer 

4. electron-transport layer 

5. cathode 

5 

The triazole derivatives selected from the group consisting of triazolopyrimidine 
derivatives and triazolouracil derivatives are preferably used as emitter molecules in the 
light-emitting layer. The present invention therefore also provides a light-emitting layer 
comprising at least one triazole derivative selected from the group consisting of 
10 triazolopyrimidine derivatives and triazolouracil derivatives. Preferred triazole 
derivatives selected from the group consisting of triazolopyrimidine derivatives and 
triazolouracil derivatives have been mentioned above. 

The triazole derivatives selected from the group consisting of triazolopyrimidine 

1 5 derivatives and triazolouracil derivatives which are used according to the invention can 
be present as such, i.e. without further additives, in the light-emitting layer. However, it 
is likewise possible for further compounds to be present in the light-emitting layer in 
addition to the triazole derivatives selected from the group consisting of triazolo- 
pyrimidine derivatives and triazolouracil derivatives which are used according to the 

20 invention. For example, a fluorescent dye can be present in order to alter the emission 
color of the organic compound used as emitter molecule. Furthermore, a diluent 
material can be used. This diluent material can be a polymer, for example 
poly(N-vinylcarbazole) or polysilane. However, the diluent material can likewise be a 
small molecule, for example 4,4'-N,N'-dicarbazolebiphenyl (CBP) or tertiary aromatic 

25 amines. If a diluent material is used, the proportion of triazole derivatives used 
according to the invention in the light-emitting layer is generally less than 20% by 
weight, preferably from 3 to 10% by weight. In one embodiment of the present 
invention, the triazole derivatives selected from the group consisting of triazolo- 
pyrimidine derivatives and triazolouracil derivatives which are used according to the 

30 invention are used as such, thus avoiding complicated covaporization of the triazole 
derivatives with a matrix material (diluent material or fluorescent dye). For this purpose, 
it is essential that the triazole derivatives selected from the group consisting of 
triazolopyrimidine derivatives and triazolouracil derivatives luminesce as solids. The 
organic compounds selected from the group consisting of triazolopyrimidine derivatives 

35 and triazolouracil derivatives which are used according to the invention display 
luminescence as solids. Thus, the light-emitting layer in a preferred embodiment 
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comprises at least one triazole derivative selected from the group consisting of 
triazolopyrimidine derivatives and triazolouracil derivatives and no matrix material 
selected from among diluent material and fluorescent dye. 

5 The abovementioned individual layers of the OLED can in turn be made up of 2 or more 
layers. For example, the hole transport layer can be made up of a layer into which holes 
are injected from the electrode and a layer which transports the holes away from the 
hole injection layer to the light-emitting layer. The electron transport layer can likewise 
consist of a plurality of layers, for example a layer into which electrons are injected by 

1 0 the electrode and a layer which receives electrons from the electron injection layer and 
transports them to the light-emitting layer. These layers are each selected according to 
factors such as energy level, heat resistance and charge carrier mobility and also energy 
difference between the layers mentioned and the organic layers or the metal electrodes. 
A person skilled in the art will be able to select the structure of the OLEDs in such a 

15 way that it is optimally matched to the organic compounds used according to the 
invention as emitter substances. 

To obtain particularly efficient OLEDs, the HOMO (highest occupied molecular orbital) 
of the hole transport layer should be matched to the work function of the anode and the 
LUMO (lowest unoccupied molecular orbital) of the electron transport layer should be 
20 matched to the work function of the cathode. 

The present invention further provides an OLED comprising at least one lightTemitting 
layer according to the invention. The further layers in the OLED can be made up of any 
material which is customarily used in such layers and is known to those skilled in the 
25 art. 

The anode (1) is an electrode which provides positive charge carriers. It can, for 
example, be made up of materials comprising a metal, a mixture of various metals, a 
metal alloy, a metal oxide or a mixture of various metal oxides. As an alternative, the 

30 anode can be a conductive polymer. Suitable metals include the metals of groups lb, 
IVa, Va and Via of the Periodic Table of the Elements and the transition metals of 
group Vin. If the anode is to be transparent to light, use is generally made of mixed 
metal oxides of groups lib, Hlb and IVb of the Periodic Table of the Elements, for 
example indium- tin oxide (ITO). It is likewise possible for the anode (1) to comprise an 

35 organic material, for example polyaniline, as described, for example, in Nature, Vol. 
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357, pages 477 to 479 (June 11, 1992). At least one of the anode or cathode should be at 
least partially transparent to enable the light produced to be emitted. 

Suitable hole transport materials for layer (2) of the OLED of the invention are 
5 disclosed, for example, in Kirk-Othmer Encyclopedia of Chemical Technology, 4th 
edition, Vol. 18, pages 837 to 860, 1996. Both hole-transporting molecules and 
polymers can be used as hole transport material. Customarily used hole-transporting 
molecules are selected from the group consisting of 4,4 , -bis[N-(l-naphthyl)-N-phenyl- 
amino]biphenyl (D-NPD), N,N < -diphenyl-N,N'-bis(3-methylphenyl)[l,r-biphenyl]- 

10 4,4 4 -diamine (TPD), l,l-bis[(di-4-tolylamino)phenyl]cyclohexane (TAPC), N,N'-bis(4- 
methylpheny 1)-N,N 4 -bis(4-ethylpheny I) [ 1 , 1' -(3 ,3 ' -dimethyl)bipheny 1] -4,4 8 -diamine 
(ETPD), tetrakis(3-methylphenyl)-N,N,N',N 4 -2,5-phenylenediamine (PDA), a-phenyl- 
4-N,N-diphenylaminostyrene (TPS), p-(diethylamino)benzaldehyde diphenylhydrazone 
(DEH), triphenylamine (TP A), bis[4-(N,N-diethylamino)-2-methylphenyl)(4- 

1 5 methylphenyl)methane (MPMP), l-phenyl-3-[p-(diethylamino)styryl]-5-[p- 

(diethylamino)phenyl]pyrazoline (PPR or DEASP), 1 ,2-trans-bis(9H-carbazol-9- 
yl)cyclobutane (DCZB), N,N,N',N 4 -tetrakis(4-methylphenyl)(l,l t -biphenyl)-4,4 t - 
diamine (1TB) and porphyrin compounds such as copper phthalocyanines. Customarily 
used hole-transporting polymers are selected from the group consisting of 

20 polyvinylcarbazoles, (phenylmethyl)polysilanes and polyanilines. It is likewise possible 
to obtain hole-transporting polymers by doping polymers such as polystyrene and 
polycarbonate with hole-transporting molecules. Suitable hole-transporting molecules 
are the molecules mentioned above. 

25 Suitable electron-transporting materials for layer (4) of the OLEDs of the invention 
comprise metals chelated with oxinoid compounds, e.g. tris(8-quinolinolato)aluminum 
(Alq 3 ), compounds based on phenanthroline e.g. 2,9-dimethyl-4,7-diphenyl-l,10- 
phenanthroline (DDPA) or 4,7-diphenyl-l,10-phenanthroline (DPA), and azole 
compounds such as 2-(4-biphenylyl)-5-(4-t-butylphenyl)-l,3,4-oxadiazole (PBD) and 

30 3-(4-biphenylyl)-4-phenyl-5-(4-t-butylphenyl)-l,2,4-triazole (TAZ). The layer (4) can 
serve either to aid electron transport or as a buffer layer or barrier layer to avoid 
quenching of the exciton at the boundaries of the layers of the OLED. The layer (4) 
preferably improves the mobility of the electrons and reduces quenching of the exciton. 

35 The cathode (5) is an electrode which serves to introduce electrons or negative charge 
carriers. The cathode can be any metal or nonmetal which has a lower work function 
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than the anode. Suitable materials for the cathode are selected from the group consisting 
of alkali metals of group la, for example Li, Cs, alkaline earth metals of group Ha, 
metals of group lib of the Periodic Table of the Elements including the rare earth metals 
and the lanthanides and actinides. Metals such as aluminum, indium, calcium, barium, 
5 samarium and magnesium and combinations thereof can also be used. Furthermore, 
lithium-containing organometallic compounds or LiF can also be applied between the 
organic layer and the cathode to reduce the operating voltage. 

The OLED of the present invention can further comprise additional layers which are 
10 known to those skilled in the art. For example, a further layer can be applied between 
the layer (2) and the light-emitting layer (3) in order to aid transport of the positive 
charge and/or to match the band gap of the layers to one another. As an alternative, this 
further layer can serve as protective layer. In an analogous way, additional layers can be 
present between the light-emitting layer (3) and the layer (4) to aid transport of the 
1 5 negative charge and/or to match the band gap between the layers to one another. As an 
alternative, this layer can serve as protective layer. 

In a preferred embodiment, the OLED of the invention contains, in addition to the layers 
(1) to (5), at least one of the following layers: 
20 - a hole injection layer between the anode (1) and the hole transport layer (2); 

a blocking layer for electrons between the hole transport layer (2) and the light- 
emitting layer (3); 

a blocking layer for holes between the light-emitting layer (3) and the electron 
transport layer (4); 

25 - an electron injection layer between the electron transport layer (4) and the cathode 
(5). 

A person skilled in the art will know how to select suitable materials (for example on 
the basis of electrochemical studies). Suitable materials for the individual layers are 
30 known to those skilled in the art and are disclosed, for example, in WO 00/70655. 

Furthermore, each of the abovementioned layers of the OLED of the invention can be 
made up of one or more layers. It is also possible for some or all of the layers (1), (2), 
(3), (4) and (5) to be surface-treated in order to increase the efficiency of charge carrier 
35 transport. The choice of materials for each of the layers mentioned is preferably made 
so as to obtain an OLED having a high efficiency. 
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The OLED of the invention can be produced by methods known to those skilled in the 
art. In general, the OLED is produced by successive vapor deposition of the individual 
layers on a suitable substrate. Suitable substrates are, for example, glass or polymer 
5 films. The vapor deposition can be carried out using customary techniques such as 
thermal vaporization, chemical vapor deposition and others. In an alternative process, 
the organic layers can be applied from solutions or dispersions in suitable solvents, with 
coating techniques known to those skilled in the art being employed. 

In general, the various layers have the following thicknesses: anode (2) from 500 to 
10 5000 A, preferably from 1000 to 2000 A; hole-transport layer (3) from 50 to 1000 A, 
preferably from 200 to 800 A, light-emitting layer (4) from 10 to 1000 A, preferably 
from 100 to 800 A, electron transport layer (5) from 50 to 1000 A, preferably from 200 
to 800 A, cathode (6) from 200 to 10 000 A, preferably from 300 to 5000 A. The 
position of the recombination zone of holes and electrons in the OLED of the invention 
1 5 and thus the emission spectrum of the OLED can be influenced by the relative thickness 
of each layer. This means that the thickness of the electron transport layer should 
preferably be selected so that the electron/hole recombination zone is located in the 
light-emitting layer. The ratio of the thicknesses of the individual layers in the OLED is 
dependent on the materials used. The thicknesses of any additional layers used are 
20 known to those skilled in the art. 

The use of the triazole derivatives selected from the group consisting of 
triazolopyrimidine derivatives and triazolouracil derivatives which are used according 
to the invention in the light-emitting layer of the OLEDs of the invention makes it 

25 possible to obtain OLEDs having a high efficiency. The efficiency of the OLEDs of the 
invention can also be improved by optimizing the other layers. For example, highly 
efficient cathodes such as Ca, Ba or LiF can be used. Shaped substrates and new hole- 
transport materials which effect a reduction in the operating voltage or an increase in the 
quantum efficiency can likewise be used in the OLEDs of the invention. Furthermore, 

30 additional layers can be present in the OLEDs to adjust the energy level of the various 
layers and to aid electroluminescence. 

The OLEDs of the invention can be used in all devices in which electroluminescence is 
useful: Suitable devices are preferably selected from among stationary and mobile 
35 VDUs. Stationary VDUs are, for example, VDUs of computers, televisions, VDUs in 
printers, kitchen appliances and advertising signs, lighting and information signs. 
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Mobile VDUs are, for example, VDUs in mobile telephones, laptops, vehicles and 
destination displays on buses and trains. 

The triazole derivatives selected from the group consisting of triazolopyrimidine 
5 derivatives and triazolouracil derivatives which are used according to the invention can 
also be employed in OLEDs having an inverse structure. In these inverse OLEDs, the 
triazole derivatives used according to the invention are once again preferably used in the 
light-emitting layer, particularly preferably as light-emitting layer without further 
additives. The structure of inverse OLEDs and the materials customarily used therein 
10 are known to those skilled in the art. 

Some of the abovementioned triazole derivatives of the formulae I, II, HI and IV are 
new compounds which have not been known hitherto from the prior art. The present 
invention therefore also provides triazole derivatives selected from the group consisting 
1 5 of triazole derivatives of the general formulae I, n, HI and IV 




N N— (Het)Ar (I) 



O 




(II) 



20 




Vl— (Het)Ar (III) 



R' 



,6 
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j I N— (Het)Ar (IV) 
I 



R 8 



in which the symbols have the following meanings: 

5 R 1 is halogen, preferably CI, or amino, preferably a cyclic amino 

group, particularly preferably morpholino; 

R 2 is amino, preferably dimethylamino; 

1 0 R 3 , R 5 are each, independently of one another, amino, preferably 

dimethylamino or a cyclic amino group, particularly preferably 
morpholino, pyrrolidino or piperidino; 

R 4 , R 6 are each, independently of one another, H, alkyl, aryl or heteroaryl, 

1 5 preferably H; 

R 7 , R 8 are each, independently of one another, H, alkyl, aryl, with R 7 and 

R 8 not both being H, preferably alkyl, particularly preferably 
methyl; 

20 or 

R 3 and R 4 together with the atoms to which they are bound form a 5- to 7- 

membered ring which may contain further heteroatoms, preferably 
selected from among S, N and O, particularly preferably a further 
N atom, and is saturated or unsaturated, preferably saturated, and is 
25 unsubstituted or substituted. The ring particularly preferably has a 

substituent selected from among alkyl and aryl on the further N 
atom while the remaining atoms of the ring are unsubstituted (i.e. 
bear hydrogen atoms); 

30 (Het)Ax is a radical of the formula 
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where 

5 R 13 is H, alkyl, O-alkyl, S-alkyl, O-aryl, S-aryl or alkenylaryl, 

preferably O-alkyl, O-phenyl, phenyl which may be substituted or 
unsubstituted or styryl which is unsubstituted, particularly 
preferably O-alkyl or phenyl which is unsubstituted, very 
particularly preferably in the compounds of the formulae I, II or HI 
10 O CH 3 or in the compounds of the formula IV O-CH3 or 

unsubstituted phenyl. 

The meanings of the terms alkyl, aryl, heteroaryl, O-alkyl, O-aryl, S-alkyl, S-aryl, 
halogen and amino have been explained above. 

15 

Very particular preference is given to triazole derivatives of the formula I in which 
(Het)Ar is a radical of the formula 



0CH3 

, and 
20 

R 2 is dimethylamino and R 1 is CI or morpholino. 

Furthermore, very particular preference is given to triazole derivatives of the formula II 
in which (Het)Ar is a radical of the formula 

25 

OCH3 

, and 

R 4 is H and R 3 is a radical selected from the group consisting of dimethylamino, 
morpholino, pyrrolidine and piperidino. 

30 
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Furthermore, very particular preference is given to triazole derivatives of the formula II 
which have the following formulae: 




N— (Het)Ar 



where R 9 is alkyl or aryl and (Het)Ar is a radical of the formula 




Furthermore, very particular preference is given to triazole derivatives of the formula IV 
in which (Het)Ar is a radical of the formula 




R 7 and R 8 are each CH 3 . 

The novel triazole derivatives of the formulae I, n, m and IV are suitable for use in 
20 OLEDs, preferably for use in the electron-conducting layer or in the light-emitting 
layer. The abovementioned triazole derivatives of the invention are particularly 
preferably used as emitter substances in the light-emitting layer in OLEDs. The use of 
the triazole derivatives of the invention in OLEDs and OLEDs comprising the triazole 
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derivatives of the invention and a light-emitting layer comprising the triazole 
derivatives of the invention have been described above. 

The triazole derivatives of the invention can be prepared by methods known to those 
5 skilled in the art. Suitable methods have likewise been described above. 

The present invention therefore also provides a process for preparing the novel triazole 
derivatives of the general formulae I, n, HI and IV as mentioned above, which 
comprises the steps: 



10 



a) coupling of an amine of the formula V, VIE, X or XII 




15 




where R 1 , R 2 , R 3 , R 4 , R 5 , R 6 , R 7 and R 8 are as defined for the triazole derivatives 
of the invention, with a diazonium salt of the formula VI 



N=N 



\ 



Y 

(Het)Ar 



(VI) 



20 



where (Het)Ar is as defined for the triazole derivatives of the invention and Y" is 
an anion, to give an azo compound of the formula VII, IX, XI or XHI, 
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R 1 



N <^Y- N=N— (Het)Ar 



2 AA 

R N NH 2 



(VII) 



R N NH Q 



(Het)Ar 



(IX) 



R 5 



,N=N — (Het)Ar 

(XI) 



CT N NH 2 
R 6 



r7 ^n^^" N=N— (Het)Ar 



Jk ( xm| ) 



R 8 

where R 1 , R 2 , R 3 , R 4 , R 5 , R 6 , R 7 and R 8 and also (Het)Ar are as defined above for 
1 0 the triazole derivatives of the invention; 

b) oxidative ring closure of the azo compounds of the formula VII, IX, XI or XIII, to 
form the corresponding triazole derivatives of the formula I, n, III or IV. 

15 In the-diazonium compound of the formula VI, the anion Y" is preferably a halide such 
as chloride or bromide, a sulfate ion or a tetrafluoroborate ion. 

Suitable reaction conditions for the process steps a) and b) are the same as those 
described above. The preparation of the starting materials used in steps a) and b) has 
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likewise been described above and is generally carried out by methods analogous to 

those known to persons skilled in the art. 

The following examples illustrate the invention. 

5 Examples 
Example 1 

5-Dimethylanuno-2-(4-methoxyphenyl)-^ 



37.5 g (0.30 mol) of 99 pure p-anisidine are suspended in 150 ml of water and 75 g of 
cone. HC1 and cooled to 0 - 5°C. A solution of 20.7 g (0.30 mol) of sodium nitrite in 
50 ml of water is added dropwise over a period of 40 minutes. The reaction solution is 
stirred at 0 - 5°C for another 30 minutes and is subsequently added to a suspension of 

15 46.3 g (0.30 mol) of 6-amino-5-dimethylamino-3H-pyrimidin-4-one and 24.6 g 
(0.30 mol) of sodium acetate in 460 ml of water. The solution is stirred for 2 hours at 
0 - 5°C and overnight at room temperature. The precipitate is filtered off with suction, 
washed with water and dried at 75°C under reduced pressure. This gives 74.4 g of a red 
azo dye. This is suspended in 904 ml of pyridine. The suspension is added dropwise 

20 over a period of 45 minutes to a solution of 200 g (0.80 mol) of copper(II) sulfate 
pentahydrate in 904 ml of water which is at a temperature of 70°C. The temperature is 
subsequently increased to 90 - 100°C, with the solid firstly dissolving and a yellow- 
brown precipitate then forming with foaming of the suspension. The suspension is 
stirred at 100°C for 15 hours and air is then passed into it for 6 hours. After the reaction 

25 solution has cooled, the precipitate is filtered off with suction, washed with water and 
dried at 75°C under reduced pressure. This gives 65.6 g of solid. To purify it, a sample 
is recrystallized twice from dimethylformamide and then sublimed at 250°C and 
3xl0" 5 mbar. This gives an analytically pure, virtually colorless solid which melts at 31 1 



O 




CH 3 



10 



-312°C. 



30 



UV/Vis (DMSO): 



□ max 0g D) = 348 nm(4.28) 



□ 



max, em 



= 425 nm 
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IR(KBr): 1695, 1599, 1566, 1521, 1506, 1434, 1372, 1338, 1279, 1250, 1222, 1169, 
963 crn 1 

'H-NMR (500 MHz; D 6 -DMSO): 3.13 (s; 6H; N(CH 3 ) 2 ), 3.90 (s; 3H, OCH 3 ), 7.18 (d; 
5 2H, aromatic H), 8.02 (d; 2H, aromatic H), 1 1.13 (s; 1H) 

,3 C-NMR (500 MHz; D 6 -DMSO): 37.96 (q; N-CH 3 ), 55.64 (q; OCH 3 ), 1 14.92 (d; 
phenyl C), 120.00 (d; phenyl C), 127.22 (s; quaternary C=N), 132.84 (s; N-phenyl C), 
154.83 (s; quaternary C=N), 157.21 (s; O-phenyl C), 159.51 (s; C-N(CH 3 ) 2 , C=0) 

10 

Example 2 

5-Pyrrolidino-2-(4-methoxyphenyl)-2H-[l,2,3]triazolo[4,5-d]pyrimidin-7-one 




15 

The preparation is carried out by a method analogous to Example 1 using 5.41 g 
(30 mmol) of 6-amino-5-pyrrolidino-3H-pyrimidin-4-one as starting material. This 
gives 6.45 g of azo dye which is oxidized to give 4.13 g of triazolopyrimidinol (crude 
product). To purify this, a sample is recrystallized from dimethylformamide. 

20 

Melting point: 329 - 332°C (decomposition) 
UV/Vis (DMSO): O max (lg □) = 352 nm (4.27) 

IR (KBr): 1705, 1691, 1612, 1592, 1565, 1521, 1507, 1458, 1438, 1403, 1248, 1014, 
960, 835,717 cm" 1 

25 
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20 



30 

Example 3 

5-Piperidino-2-(4-methoxyphenyl)-2H-[l,2,3]triazolo[4,5-d]pyrimidin-7-one 



HN 

r^N-^N^N' " CH 3 




The preparation is carried out by a method analogous to Example 1 using 2.94 g 
(15 mmol) of 6-amino-5-piperidino-3H-pyrimidin-4-one as starting material. This gives 
4.08 g of azo dye which is oxidized to give 3.59 g of triazolopyrimidinol (crude 
product). To purify this, a sample is recrystallized from dimethylformamide. 

Melting point 316 - 328°C (decomposition) 
UV/Vis (DMSO): n max (lg □) = 348 nm (4.26) 

IR (KBr): 1692, 1609, 1588, 1523, 1507, 1454, 1429, 1410, 1279, 1248, 1179, 1019, 
963, 834 cm 1 



Example 4 

5-Morpholino-2-(4-methoxyphenyl)-2H-[l,2,3]triazolo[4,5-d]pyrimidin-7-one 




The preparation is carried out by a method analogous to Example 1 using 4.79 g 
(30 mmol) of 6-amino-5-morpholino-3H-pyrimidin-4-one as starting material. This 
gives 4.00 g of azo dye which is oxidized to give 1.59 g of triazolopyrimidinol (crude 
25 product). To purify this, a sample is recrystallized from dimethylformamide. 

Melting point 329 - 332°C (decomposition) 
UV/Vis (DMSO): CUax (lg □) = 344 nm (4.29) 
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IR(KBr): 1691, 1609, 1587, 1524, 1507, 1469, 1447, 1369, 1281, 1250, 1116, 1017, 
966, 833, 624 cm' 1 



5 Example 5 

7-CUoro-5-dimethylamino-2-(4-methoxyphenyl)-2H-[l,2,3]triazolo[4,5-d]pyrimidine 



CI 




10 12.5 g (45 mmol) of recrystallized 5-dimethylamino-2-(4-methoxyphenyl)-2H-[ 1,2,3]- 
triazolo[4,5-d]pyrimidin-7-ol are slowly introduced into 56 ml of phosphorus 
oxychloride. The reaction mixture is refluxed for 3 hours. Phosphorus oxychloride is 
subsequently distilled off. The residue is poured onto ice. The suspension is stirred 
overnight, filtered with suction, the solid is washed with water and dried at 70°C under 

15 reduced pressure. The crude product (12.39 g) is recrystallized from 150 ml of dioxane. 
This gives 10.16 g of a yellow solid. 

Melting point 208 - 210°C 

UV/Vis (acetonitrile): D m ax (lg □) = 312 (3.99), 400 nm (4.20) 
20 IR (KBr): 1613, 1595, 1566, 1548, 1537, 1507, 1413, 1366, 1258, 1214, 1181, 1042, 
1027, 986, 829 cm" 1 

'H-NMR (500 MHz; CF 3 C0 2 D): 3.56 (s; 3H; NCH 3 ), 3.70 (s; 3H; NCH 3 ), 4.05 (s; 3H, 
OCH 3 ), 7.23 (d; 2H, aromatic H), 8.26 (d; 2H, aromatic H) 
25 13 C-NMR (500 MHz; CF 3 C0 2 D): 39.55 (q; N-CH 3 ), 41.50 (q; N-CH 3 ), 57.51 (q; 
OCH 3 ), 117.44 (d; phenyl C), 124.38 (d; phenyl C), 131.98 (s; quaternary C=N), 134.82 
(s; N-phenyl C), 151.49 (s; C-Cl), 154.27 (s; O-phenyl C), 163.35 (s; quaternary C=N), 
163.65 (s; C-N(CH 3 ) 2 ) 

30 



B03/0730PC 



PF 0000055464/Ka 



32 

Example 6 

5-Dimethylamino-7-moipholino-2-(4-methoxyphenyl)-2H-[ 1 ,2,3]triazolo[4,5- 
d]pyrimidine 



N 



5 




1.73 g (19.9 mmol) of morpholine are added dropwise to a solution of 1.50 g 
(4.92 mmol) of 7-chloro-5-dimethylamino-2-(4-methoxyphenyl)-2H-[l,2,3]triazolo[4,5- 
d]pyrimidine in 20 ml of ethanol at room temperature while stirring. After 45 minutes, 
1 0 the solution is admixed with 80 ml of water and stirred for another 3 hours, resulting in 
formation of a precipitate. This is filtered off with suction, washed with water and dried 
at 75°C under reduced pressure. The crude product (1.71 g) is recrystallized twice from 
20 ml of dioxane each time. This gives 0.65 g (37%) of a light- yellow powder. 

1 5 Melting point 220 - 227°C 

UV/Vis (methylene chloride): CW (lg □) = 258 (4.34), 290 (4.18), 374 nm (4.28) 

(chloroform): □max.em = 449 nm 
JR (KBr): 1583, 1574, 1532, 1506, 1446, 1400, 1388, 1359, 1247, 1230, 1160, 1111, 
20 1021,967,835 cm" 1 

'H-NMR (500 MHz; CDC1 3 ): 3.25 (s; 6H; N(CH 3 ) 2 ), 3.88 (s; 3H, OCH 3 ), 3.89 (m; 4H, 
N-CH 2 ), 4.00 (broad; 2H, 0-CH 2 ), 4.40 (broad; 2H, 0-CH 2 ), 6.97 (d; 2H, aromatic H), 
8.10 (d; 2H, aromatic H) 
25 ,3 C-NMR (500 MHz; CDC1 3 ): 37.48 (q; N-CH 3 ), 43.50 (t; N-CH 2 ), 47.50 (t; N-CH 2 ), 
55.54 (q; OCH 3 ), 66.88 (t; 0-CH 2 ), 1 14.27 (d; phenyl C), 120.84 (d; phenyl C), 123.60 
(s; quaternary C=N), 133.61 (s; N-phenyl C), 153.80 (s; O-phenyl C), 159.51 (s; 
quaternary C=N), 160.95 (s; morpholino C), 162.23 (s; C-N(CH 3 ) 2 ) 
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Example 7 

2-(4-Methoxyphenyl)-4,6-dimethyl-2H-[ 1 ,2,3]triazolo[4,5-d]uracil 




I 

CH 3 



5 

A solution of 1 1.6 g (46.5 mmol) of copper sulfate pentahydrate in 52.5 ml of water is 
added dropwise at 70°C to a solution of 4.34 g (15.0 mmol) of 6-amino-5-(4-methoxy- 
phenylazo)-l,3-dimethyluracil in 52.5 ml pyridine over a period of 45 minutes while 
stirring. The reaction temperature is subsequently increased to 90 - 100°C. The reaction 
10 solution is stirred at this temperature for 15 hours and air is then passed into it for 
6 hours. After the reaction mixture has cooled to room temperature, the precipitate 
formed is filtered off with suction, washed with water and dried at 75°C under reduced 
pressure. The crude product (3.84 g) is recrystallized twice from 50 ml of dioxane each 
time. 2.23 g (52%) of a colorless solid are isolated. 

15 

Melting point 221 - 223°C 

UV/Vis (methylene chloride): 0 max 0g □) = 326 nm (4.35) 
(THF): □max.em =395 nm 
20 JR (KBr): 1717, 1679, 1611, 1512, 1423, 1415, 1353, 1299, 1263, 1256, 1172, 1059, 
1021,838, 747 cm" 1 

'H-NMR (500 MHz; D 6 -DMSO): 3.30 (s; 3H; NCH 3 ), 3.50 (s; 3H; NCH 3 ), 3.87 (s; 3H, 
OCH 3 ), 7.16 (d; 2H, aromatic H), 7.99 (d; 2H, aromatic H) 
25 ,3 C-NMR (500 MHz; D 6 -DMSO): 27.93 (q; N-CH 3 ), 30.59 (q; N-CH 3 ), 55.47 (q; 
OCH 3 ), 114.79 (d; phenyl C), 120.49 (d; phenyl C), 125.89 (s; quaternary C=N), 
132.03 (s; N-phenyl C), 149.71 (s; O-phenyl C), 150.61 (s; C=0), 155.43 (s; C=0), 
159.58 (s; quaternary C=N) 
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Example 8 

2-Biphenyl^-yl-4,6-dimethyl-2H-[ 1 ,2,3]triazolo[4,5-d]uracil 



O 




I 

CH 3 



5 



A solution of 47.2 g (189 ramol) of copper sulfate pentahydrate in 210 ml of water is 
added dropwise at 70°C to a solution of 20. 1 g (60.0 ramol) of 6-amino-5-(biphenyl- 
4-ylazo)-l,3-dimethyluracil in 210 ml of pyridine over a period of 20 minutes while 
stirring. The reaction temperature is subsequently increased to 90 - 100°C. The reaction 
10 solution is stirred at this temperature for 16.5 hours and air is then passed into it for 
6 hours. After the reaction mixture has cooled to room temperature, the precipitate 
formed is filtered off with suction, washed with water and dried at 75°C under reduced 
pressure. The crude product (14.36 g) is extracted with acetonitrile, resulting in the 
impurities going into solution. Drying the residue gives 8.18 g (41%) of a yellowish 



IR (KBr): 1723, 1685, 1610, 1603, 1556, 1548, 1522, 1490, 1423, 1414, 1353, 1299, 
964, 766, 742 cm -1 

'H-NMR (500 MHz; CDC1 3 ): 3.45 (s; 3H; NCH 3 ), 3.65 (s; 3H; NCH 3 ), 7.40 (m; 1H, 
25 phenyl H), 7.48 (m; 2H, aromatic H), 7.65 (m; 2H, aromatic H), 7.57 (m; 2H, aromatic 
H), 8.42 (m; 2H, aromatic H) 

13 C-NMR (500 MHz; CDCl 3 /D 6 -DMSO): 28.50 (q; N-CH3), 31.03 (q; N-CH3), 119.70 
(d; phenyl C), 126.40 (s; quaternary C=N), 126.86 (d; phenyl C), 127.90 (d; phenyl C), 
127.94 (d; phenyl C), 128.91 (d; phenyl C), 138.12 (s; N-phenyl C), 139.22 (s; phenyl 
30 C), 150.00 (s; C=0), 150.93 (s; C=0), 156.07 (s; quaternary C=N) 



solid. 



Melting point 247 - 250°C 



UV/Vis (methylene chloride): D max (lg □) = 330 nm (4.50) 
(chloroform): □ max.em = 402 nm 
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